peptide is shown in Figure 2A . Long (many m), thin Magnetic field alignment was used to orient A␤(11-25) ribbon-like or fibrillar strands are seen with a strong amyloid fibrils for X-ray diffraction, suggestion of twisting, but without any obvious longand two discrete orientations of the fibers were found, range periodicity. The ribbons are close to 5 nm in width. orthogonal and axial. This unusual feature revealed that This value is commensurate with the calculated length the fibrous sample exhibited a preferred texture, beof 5.2 nm for A␤(11-25) in the ␤ conformation. Figure cause separate X-ray diffraction patterns obtained with 2B shows similar ribbon-like strands obtained from selfthe incident beam directed in three mutually orthogonal assembled A␤(1-40) peptide molecules. If the molecules directions gave distinctly different patterns. The X-ray were in the unfolded ␤ conformation, the widths would diffraction pattern obtained with the incident beam parbe expected to be 14 nm, that is, 270% wider than for the allel to the fiber axis revealed discrete arcs rather than A␤(11-25) peptide molecules. However, the maximum diffraction rings, ruling out cylindrical fiber symmetry.
widths seen are only 7 nm. This would suggest that A model of fibrils composed of once-folded peptide the A␤(1-40) molecules are once-folded hairpins in this hairpins, associating in paired duplexes, was suggested preparation or that some regions of the peptide are not for A␤(11-25) crystals grown in an applied magnetic field involved in the core structure of the fiber. . However, closer examination of these X-ray data, together with new information, has cast doubts on some aspects of this particular model
Comparison of X-Ray Patterns from Amyloid and revealed that the peptide chains form extended, Fibers of A␤(11-25) and A␤(1-40) unfolded ␤ strands.
The X-ray diffraction patterns from drawn fibers of A␤(11-Here, we reexamine the original X-ray diffraction pat-25) and A␤(1-40) amyloid are compared in Figures 2C and terns obtained from A␤(11-25) crystallized in an applied 2D. Both exhibit the basic cross-␤ diffraction fingerprint 2 Tesla magnetic field in greater detail, and have been with the 0.47 nm diffraction signal on the meridian, and able to derive a new and detailed three-dimensional strucmany of the essential features are the same, suggesting ture for this oligopeptide. The calculated diffraction pattern a similar molecular organization. The shorter A␤(11-25) is tested against the experimental data to ensure that there peptide fragment yields better quality and higher resoluis a convincing match. We also introduce some additional tion X-ray diffraction data and therefore offers the opporfiber X-ray diffraction data and TEM images obtained from tunity to extract more detailed structural information than A␤(11-25) and compare these results to those obtained for the A␤(1-40) amyloid fibrils. The X-ray diffraction pattern of a fiber obtained from from the longer A␤(1-40) amyloid fragment. Figure 3D . The firmly suggests that the sample texture is different from that usually observed in straightforward fiber X-ray difcomposite diffraction signals in all three diffraction patterns ( Figures 3A-3C ) of this A␤(11-25) aligned in a magfraction patterns. In the fiber texture, the crystallites are aligned with one crystallographic axis parallel to the netic field index on the same monoclinic unit cell as was deduced from the fiber diffraction pattern ( Figure 2C ). alignment direction, and with random azimuthal dispersion (i.e., cylindrical symmetry) around the alignment Thus, we believe that the crystal structure of A␤(11-25) is the same in the sample that self-assembled and axis. In this case, the azimuthal dispersion around the alignment axis is not random. The asymmetric nature of aligned in the magnetic field and that in the drawn fiber; what differs is the texture. A comparison of d-spacings the arced tails of the exceptionally strong 200 diffraction signal, especially noticeable in Figure 3A , is similar to and indexing is given in Table 1 .
The X-ray diffraction patterns shown in Figures 3A the feature we have already discussed in the fiber X-ray diffraction pattern ( Figure 2C ). The meridional h00 difand 3B are obtained with the incident beam orthogonal to the applied magnetic field direction and mutually orfraction arcs are sharper (in the radius vector direction) than the equatorial 0k0 diffraction signals, even allowing thogonal to each other (see Figure 3D) . In both diffraction patterns, the observed Bragg diffraction signals are disfor line broadening and other geometric correction factors. Thus, it would appear that the A␤(11-25) amyloid tributed on the layer lines at a spacing of 0.94 nm and with strong meridional diffraction signals appearing at 15-mer has self-assembled and grown in the hydrogenbonding direction (a axis) to create a crystalline entity 0.47 nm (200) and 0.236 nm (400); thus, the a* axis is along the meridian. Consequently, the hydrogen bond that has longer-range order in this a-direction relative to the directions perpendicular to the a axis. Worcester direction (a axis) is aligned with the magnetic field direction. The h00, for odd h, appears to be systematically (1978) has discussed the structural origins of diamagnetic anisotropy in proteins and concluded that for ␤ absent, consistent with the hydrogen-bonded ␤ sheet arrangement shown in Figure 1A Table 2 The diffraction signals belong to twins (black and white); only the white diffraction spots are indexed to avoid confusion. The composition ab-plane is shown by a dotted line. The angle b*^c* (turns out to be ␣*; see Tables  1 and 2) This X-ray diffraction pattern ( Figure 3C) represents Table 1 ). This feature is common when lamellae or ribbons stack; they generate a one-dimensional lattice. In the [100] zone axis, or 0kl reciprocal plane, and Figure  4 is an enlargement of this diffraction pattern with addithis case, the periodicity would represent the stacking periodicity of cross-␤ lamellae and be commensurate tional information overlaid to aid with the interpretation of the diffraction data. The X-ray pattern displays the with the width of the cross-␤ ribbon. An estimate of the quality of the lattice can be made from the number of ab-composition plane (001), and the b*, c* axes for each of the two twinned lattices are shown, marked in black diffraction orders that occur; in this particular instance, the lattice dies away after the third order. That such a and white, respectively. In order to reduce complexity, we will concentrate on just one (white) of the two twinone-dimensional (super) lattice occurs is not a surprise, because we know a priori that the molecule is only 15 related lattices. The strongest diffraction signal, with a d-spacing of 1.06 nm and located at an angle of 58Њ (␣*) peptides long and so we would expect a diffraction signal(s) with spacing related to the length of the molefrom the horizontal axis, is the 020; the weaker fourth and sixth orders are also present (see Table 1 ). The cule. The A␤(11-25) molecule in the ␤ conformation is 5.2 nm long, and to foreshorten this value to match the 020 diffraction signal represents the intersheet stacking periodicity. There is a medium-intense and relatively experimental value of 4.42 nm we would need to project the molecules through an angle of cos Ϫ1 (4.42 nm/5.2 sharp signal with the spacing of 0.43 nm (061 ) and a direction close to the b axis (inserted in Figure 4 ). This nm) ϭ 31.8Њ. In terms of a shear angle, this would be 31.8Њ ϩ 90Њ ϭ 121.8Њ. This value would appear to be same diffraction signal is also evident in Figure 3B , where, of course, it falls on the equator, thus enabling directly related to the monoclinic unit cell angle ␣ ϭ 122Њ obtained when indexing the wide-angle X-ray diffraction us to geometrically link all three diffraction patterns (Figures 3A-3C) Table  2 ). In both cases, there is a recuperative a axis slip (‫ف‬a/4) in the ac-plane.
In this case the stacking periodicity, and its second and equatorial diffraction signals in the calculated pattern ( Figure 9B ) are not generated. Again, the overall match third orders appear, and the pattern can be compared with the experimental X-ray diffraction pattern shown in of relative intensities is good. Figure 6A . The overall match is good, suggesting that the basic ingredients of the proposed structure are correct. Figures 9A and 9B compare the experimental and calculated wide-angle X-ray fiber diffraction patterns, The X-ray diffraction evidence supports a cross-␤ sheet structure for both the A␤(11-25) and A␤(1-40) peptide respectively. In this case, the calculation is based of the monoclinic sublattice, and therefore the small-angle amyloid fibrils. The shorter peptide fragment A␤(11-25) loid fibrils formed from both full-length and a central fragment of A␤. X-ray diffraction images were collected
Discussion and Conclusions

